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Two general approaches to the problem of power spectra 

estimation for stationary random processes are known. The 
first, originally designed f o r  analog computers, employs a 

bank of handfeass fiiters followed by sqare law and integrating 

devices. 

it are referred to as "directr1 methods (1)*. 

"indirect," approach proceeds by the initial computation of 

the autocorrelation function, from which the power spectrum is 

computed by the Fourier transform (4). 

This approach and the digital methods which simulate 

The second, or 

This report will be concerned primarily with the direct 

digital approach. However, we note that Diamantides (2) des- 

cribes an analog suited to the accurate, efficient evaluation 

of power spectra. The response of the analyzer of the analog 

I s  said to be Independent of the transfer characteristic be- 

tween the paired inputs and the nature of the Inputs. 

A direct digital method is discussed by Blackman and 
_ -  Tukey (1) and by Welch (3). 

obtain estimates of the power spectrum with arbitrary resolution 

and accuracy at arbitrary points throughout the available fre- 

quency range. 

approach, being more consumptive of machine-time. 

the requirements for resolution and accuracy vary over the fre- 

quency range, or when it fs desired to obtain estimates of the 
power spectrum for only a portion of the frequency range, or 
Only in neighborhoods of a finite number of frequencies with 

With this method one is able to 

In general, the method I s  inferior to the direct 

However, when 

*Numbers in parentheses refer to references. 
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given re7nlution and accuracy requirements, the method I s  d i s -  

tinctly superior t o  the indirect d i g i t a l  approach. 

Let x ( t )  denote a stationary random processa The auto- 

correlation function of this process is 

which, for numerical purposes, is taken to be 

the summation continuing so long as 

denotes the number of samples from the process 

A t  +y 5 7 Here N 

~ [ t ) , ,  T=& 

, and denotes the lag time. In usual practice 5*--.,3*-, u 

2$*-0$,= d2, TK 24 = R &  0 

Then 

(3)  a 

The errors involved In finite time-averaging and the use of 

Riemann integration form the subject matter of an extensfve 

body of literature and will  not be discussed here. 

seen from this expression that the number of arithmetic opera- 

It can be 
I 

tions, multiplications I n  particular, required f o r  the computa- 

tion of R(t) for long records w i l l  require an excessive amount 

of machlnbtime. Thus, alternate methods for this computation 

have been invsstlgatcsd. !bra a i  these involve the use of c l ipped 
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functions. The expressions 

and 

are called the "half-clipped autocorrelator" or l'half-polarlty 

coincidence correlator" and the "completely=clIpped autocorre- 

la t or or "polarity c olnc ldence correla tor 'I e 

It has been shown that, If the process x(t) I s  zero-mean 

L e . ,  the half-polarity coincidence correlator in, to within 

a multlpllcatlve constant, an unbiased estimator of the true 
autocorrelation function. From this it follows that the 

normalized half-polarity coincidence correlator I s  an unbiased 

' estimator of the normalized autocorrelation function. It has 

been suggested that, If x(t )  I s  nongausslan, one may add un- 

correlated white noise to x(t) and process the result by x ( d ,  
this correlator then being denoted by 2) . The expected N 

value o f  this correlator I s  then given to be 



. " . .  c . 
4 

)? = rms value of addsd white  noise. 

L Ths value of this approach i n  rnlistic situations has not boen 

ascertained, however. We note that If the SNR ratio be suffi- 

cisntly small, f / l q - j )  I s  appsoxlmntely an iinbiased estinlafor 

for f (Tj)  when 3 # 0 0 However, the SNR of the output IS 

also smaller, 1.e.9 the accuracy of the  scheme is  reduced. 

For zero lag, an additional term appears, and w i l l  produce a 

bias of known magnitude In the power spectrum for which compen- 

sation must be made. 

ff x(t), be a zero-mean stationary gaussian random procqss, 

we have that, for the polarity coincidence correlator 

where 

S "  
fcar, = j o i n t  probability dietributlan of p and qo 

If the normalized autooorrelatlon itmotion of the process x( t )  

i s  denoted by 
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and 

6 . 

We have considered the use of cl ipped power spectra having 

the forms 

c 

as estimators of the true power spectrum 
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The expectation of the first of these estimators I s  given by 

the form 

probability distribution of p and q. However, since nothing 

is known concerning this distribution, the evaluation of the 

expectation integral cannot be accomplished directly, Similar 

considerations apply to the remaining proposed estimators. 

The corresponding expectation integrals have thus far proven 

lntractible. 

Experimental results to be discussed presently -indicate 

that thede estimators can be o f  some utiliity. We have observed 

that if fled has a maximum at  w=w. then so also do zld,P'(w) 
and $ ( w )  a 

u 4J 

Consider the function sgn cos mcc This (.even) function 

'bas the Fourier series representation 
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= T'lw) - $2 (3w ) + 2 PCs-Ld> - ' -  - 
Suppose now that w, I s  a peak frequency and that Fh) I s  

essentially f l a t  for w ?  3wa,  i,e,, the noise at  a l l  higher 

dl L 3(ri, ti-ierr we b v e  that 1 ? ( 3 4  8 are a l l  

approximately equal. Hence 

or 

. or 

( 18 

The assumptions made in the derivation of this expression were 
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(111 wo I s  the largest data frequency 

(ii) 30) IS nearly constant for  ~ 2 % .  

9 

N 

Thus, 'under the assumptions ? C U I  and ? ( (01  decrease together 
for w > w o o  If the assumption (1) is changed to read Wo is 

the only data frequency", then we may state that The) and 
?hq,) have a peak atW=tdWc,. 

For special, but not unrealistic, assumptions, the rela- 
N 

tion (161, which gives the cosine-clipped power spectrum Pb) 
in terms of a series in the power spectrum ?((d , can be 

reversed to express the power spectrum In terms of a series In 
S l W )  As an example, consider the following: 

3 rv [w,) = X(w,) - y3j(3k&) \ -4 &?Ish,) - +P(7u,) + m 9 4  - - - o  

-,prw,\ 1 -  - - + + P ( ' l W , )  - - - - 
where 

assumed that nlw) is essentially zero for w 7 k where ?W,Ak <1% 

then we have, by adding tbe above, that 

w,, I s  some data frequency of interest. Now if It is 

I .  
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It is obvious that this type of relation may be obtained for 

different assumptions and approximations. However, In many 

cases, the assumptions used In deriving (20)‘w;lll be satisfied 

when we I s  fairly “large”. 

where the k; are the square-free odd integers. (An integer 

is said to be square-free if, i n  representing it as a product 

of prime factors, no factor is repeated.) 

does not seem to be obvious. 

interesting and w i l l  be consfdered further. 

An expression for 

However, the problem j~ f ( k i  

If, and when, 

this expression is found, It w i l l  bo communicated t o  the tech- 

nical representative, 

The experimental results Indicate that even when the 

assumptions made i n  deriving these results are violated, the 

clipped function technique can be used to detect data fre- 

quencies with a fairly high degree of reliability. Table 1.1 

lists the predominant frequenales in a Saturn static f i r ing  
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vibration record as compiled by NSFC's RAVAm (gandom xlbratlon 
- Analysis) program. The measurement number of this record is - 

E106-11, the time interval considered being 15.0 to 16.0 

seconds. These frequencies are numbered according to amplitude. 

Table 1.2 lists the "predominanttf frequencies for the 

same record by this program, modified to give a half-polarity 

correlator. The amplitudes are obviously garbled. The missing 

frequencies are apparently 2, 3, 6, 8, 10, 12, 15, 18, 20. A 

careful examination of the power spectrum shows that only the 

last three were not detected. The remaining frequencies were 

subjected to slight s h i f t s ,  and the corresponding frequencies 

are numbered in parentheses, We note that the value .of dw 

used in computing these frequencies was 5.0, and that the shifts 

to which these data frequencies were subjected I s  one or two 

times this value. We are thus led to suspect that this error 

is due to some such source as truncation, and does not reflect 

on the accuracy of the c l i p p i ~ g  tactiique in frequency determln- 

ation. Three apparently spurious frequencies a r e  indicated. 

The first, 705.110 001 is found to correspond to a doubling in 

magnitude between 7OO.llO 001 and this frequency. 

935.145 889, corresponds to a weak data frequency or local maxl- 

mum in the standard case of 930,145. 

magnitude A d  

be genuinely spurious, and I s  possibly the result qf the data 

frequency 545,085 037 being detected twice. If so, the shift 

The second, 

Again, the shi f t  I s  o f  

The third frequency, 555.086 594, appears to 

is of magnltude 2 A w o  
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Table 1.3 lists the "predominant" frequencies compiled by 

RAVAN modified t o  give a coslne-clipped power spectrum. 

missing frequencies here are 345.053 829, 275.042 908, and 
The 

95.014 823, which are numbered 11, 19, and 20, respectively, 
The first two of these were detected, 

. 

,in the standard case. 
but were not listed due to the garbling of amplitudes. 

last was shifted t o  90.014 (a shift of magnitude A d  ) and 

The 

was not listed for the same reason. The three additional data 

frequencies in this list were found to correspond to minor 

peaks In the standard power spectrum, and are not at all spur- 

ious . 
Table 1.4 lists the "predominant" frequencies compiled 

by RAVAN modified to compute a cosine-clipped power spectral 

density function from a half-polarity correlator. 

frequencies are here apparently 345,053 829, 1105.172 409, 
. 95.014 823, and 275.042 908, these being numbered 11, 14, 19, 
' and 20, respectively, in the standard case. !Cbe first wid iast 

The missing 

of these appear as peaks in the power spectrum computed here, 

but were not listed due t o  t h e  garbling of amplitudes. The 

two remaining frequencies were shifted to 1000.157 and 90,014 

respectively, were detected, and were not listed for the same 

reason. 

corresponds to a weak data frequency, and was also detected 

Of the apparently spurious freqxencies, 735.114 677 

r .  when a cosine-clipped power spectrum was computed from a 

standard autocorrelation functiono 

appeared when the standard power spectrum was computed from 

The frequency 555.086 5% 

\ 
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the half-polarity correlator and is discussed above. 

examination of the power spectrum computed In the standard 

case indicates that the frequency lOOO.l56 029 may result 

from detecting the  frequency 990.1% 472 twice. The last 

An 

apparently spurious frequency, 705.110 001, was listed in 

Table 1.2 and discussed above. 

Considering the nature of the assumptions made in de- 

riving ( 1 8 )  and ( l ~ ) ! ,  the implications of (21) , and the 
exceedingly good results obtained here, it is apparent that 

the use of the half-clipped power spectrum can be of great 

advantage when i t  is of i n t e re s t  to determine data frequencies, 

particular when the energy in frequencies beyond a certain , 

value is nearly zero.. The equations ( 2 0  ) and ( zi), suggest 

that the value of the power spectrum f o r  a certain value of 

can be recovered from the cosine-clipped power spectrum. 

Table 1,5 lists the "predominantt' frequencies as compiled 

by RAVAN modified t o  give a polarity coincidence emralator. 

The missing frequencies a re  990.1% 472, 1105.172 409, and 

275,042 908, these being numbsred 8, 14, and 20 in the standard 
case. 

g a r b l i n g  of amplitudes, 

shift b e h g  of magnitude 

for the same reasonc The remaining m i s s i n g  frequency was 

apparently not  detected, 

encountered in the preceeding cases and are discussed above. 

The last was detected, but was not listed due to the 

The first was shifted to 995.155 (the 

A M )  was detected, and was not listed 

The two taddftfonal frequencies were 

Table 1,6 lists the ."pr & d o m i n a n t  It frequencies as compiled 

by RAVAN modified to give 81 completely clipped power spectral 
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density function, The m i s s i n g  frequencies are 480.074 894, 
345,053 829, 1105.172 4-08, 1045.163 055, and 275.&2 908, 
which are numbered 9, 11, 14, 16, and 20, respectively, in 
the standard c~se, The first, second, and fourth of these 

frequencies were detected, but; were not listed due to the 

garb l ing  of amplitudes. The last was shifted to 270,042 (the 
shift being of magnitude Aw l o  and was not listed due to the 

' garbling of amplitudes. Of the remaining frequencies in this 

list, namely 790.123 260, 1580.246 521, 215,033 546, 2030.316 742, 
and 625.097 519, the first fou r  correspond to minor peaks of. the 

power spectrum computed in the standard case. The fifth appears 

to be entirely spurious. 

Table 1.7 lists the ltpredominant'l frequencies as compiled 

by RAVAN modified to compute 8 completely clipped power spectral 

density function from a polarity coincidence correlator. 

missing frequencies here are 

The 

7 
8 

10 

12 

14 
- 16 

20 

where %!i int-gers denote the nunbering of these frequonc .oso 

Tne first,  fcaw-thY Of these, only the l a s t  was nct cc': : i;ad. 
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f i f t h  and s ix th  frequencies were subjected t o  s h i f t s  of magni- 

tude Aw , were detected, but were not l i s t e d  due t o  the garbling 

of amplitudes. 

sh i f t ing ,  and were not l i s t e d  f o r  the same reason.. 

The remaining frequencies were detected without 

Table 2.1 l i s ts  the predominant frequencies as compiled 

by the  unmodified RAVAN p r o g r m ,  and t r i l l  be subsequently re- 

ferred t o  a s  the  "standard case". The power spectra  and RMS 

~ 

amplitudes f o r  t h i s  s e t  o f  data a r e  given in decibel units.. 

1 Table 2.2 l i s ts  the predominant frequencies compiled by 
RAVAN modified t o  compute t h e  half-polarity autocorrela'tor. . 

The m i s s i n g  frequencies h w e  a re  

16 2604,597 168 

the  integers  re fer r ing  t o  ths numbering of these frequencies 

' *  in  the standard case. The f i r s t  of these w a s  detected, but 
8 

was not l i s t e d  due t o  tho  garbling of amplitudes. The second, 

which i s  a r e l a t ive ly  weak~frequency, does not seem t o  'nave 

been detected. The two additional frequencies l i s t e d  are 

~ 

614.904 900 and 454,929 642, The f i rs t  r e f l e c t s  a weak f re -  

quency appearing in  the standard case which was not l i s t e d  

there  because of i t s  low energy content. 

may r e s u l t  from detect ing,  the frequency 4bk0931'l90 twice, o r  

may be genuinely spurious, 

The second frequency 

I -  Table 2,3 lists the lgpredominantls frequencies compiled by 

I I- RAVAN modified t o  compute a cosine-clipped power spectrum from 

the standard autocorrelatore The missing frequencies here are 
I 
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Both of these were detected, but were not listed due to the 

garbling of m$itudes. The second of these frequencies was 

detected as 2w.606, but was not listed due to the garbling 

of amplitudes. 

table are 454.929 642 and 3159.nl 353* 
encountered and discussed above. %:;,e last seems to be genuinely 

spurious. 

clipped power spectrum is as effective in frequency determina- 

The two  additional frequencies listed in this 

The first has been 

'de remark that t h i s  is a case in which the cosine- 

tion as is the conventional spectrr-x, 

Table 2,4 lists the "precmi?i. 'mquencies as compiicC 

by RAVAN modified to c o a p u ~  20;- bXpped power spectrum 

,from a half-polarity autocorrelatoro 

in this list are 

YCe nissing frequencicd 

16 

17 
18 

the integers referring to the numberfng of these frequencies 

in the standard casee A11 three of these frequencies were 

detected, .but were not l i s t e d  due to the garbling of amplitudes, 

The apparently spurious frequencies are 
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The f irst  two of these have been encountered previously 

and are discussed above. The t h i r d  corresponds t o ' a  weak 

frequency detected i n  t h e  standard case but not l i s t e d  there 

because of i t s  low energy content. 

Table 2.5 l i s t e d  the predomfmnt frequencies compiled by 

RAVAN modified t o  compute a polar i ty  coincidence correlator,.  

The missing frequencies here are 
I .  

12 489.924 229 

16 , 2604.597 168 

17 2574.601 807. 
\ 

The second of these was detected but was not l i s t e d .  I The 

f i rs t  was not detected. The third frequency was apparently 

' sh i f ted  i n t o  the region covered by the most  predominant f r o -  

quency i n  the record and was not detected. The apparently 

spurious frequencies in t h i s  l i s t  are 

609,905 670 

However, examixiation of the power spectrum computed i n  the 

standard case shows that these frequencies were a l l  detected 

there ,  but were not l i s t e d  due t o  their  low energy content. 

Hence, these are not a t  all spuriouse 

Table 2.6 l ists  the tfpredominant" frequencies as compiled 

by M V A N  modified t o  compute a completely clipped power spec- 

trum from the standard aGLocorrolation func%ion, The rn;bssing 

r P G q G Q n C l i 3 3  

I 
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14 

1 5  
16 

17 

19 

18 

A careful scrutiny of this power spectrum, however, shows that 

all save the second of these were detected, but were not listed 

due to the  garbling of amplitudes. The second was detected 

484,924 229 but was not listed for the same reason.. The a p p m -  

ently spurious frequencies in this l is t  are 

1489.769 592 

2209,053 264 

1 .  26&,621 918 

109,982 990 

1389,785 065 

I 

An examination of the power spectrum computed i n  the standard 

case shows that all of these frequencies save the second 

correspond to minor peaks which were detected but not listed 

due to their weak energy content, 

quencies appears t o  be completely spurious, 

* .  

The second of these fre- 

Table 2.7 lists the predominant frequencies as compiled 

by RAVAN modifled t o  compute a completely crllpged pawer speatrum 
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from a polarity coincidence correlator. The missing frequencies 

here are 

4 

11 

12 

14 
16 

17 

3 84 , 9lto 46 1.. 

674,855 622 
489,924 229 

‘404.937 374 
5040921 909 

2606,597 168 
\ 

where the integers r fer t o  the numb ring of these frequencies 

in the standard case. An examination of the power spectrum 

computed in this case shows that all save the third-of these 

were detected but not l i s t e d  due to the I garbling of amplitudes. 

The fifth and seventh frequencies above were detected as 

399.936 and 2579,600 respectively, this being a shift of mag- 

nitude in each case. The apparently spurious frequencies 

in this table are 

An examination of the power spectrum computed in the 

standard case shows that all save’the fifth and sixth of these 
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correspond t o  frequencies detected in the standard case but 

not l i s ted  because of their low energy content. The f i f t h  

appears to  be entirely spurlous, while the sixth may very 

w e l l  be a second detection of the frequency 2759.573 212. 

.. 

f 

. 
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CROSS REFEi3ENCE TO TABLES AND FIGURES 
WSURN4U4T NWLBLI 8106-11 

Functions Figures 

STANDARD ACF AND PSD ' 1.10 " 1013 

STANDARD ACF AND c o s m -  
CLIPPED PSD 

HALF-POLARITY CORRELATOR AND 
STANDAR PSD 

HALF-POLARITY CORRELATOR AND 
COSINE-CLIPPED PSD 

POLARITY COINCIDENCE CORRELATOR 
AND STANDABD PSD 

STANDARD ACF AND COMPLETELY 
CLlPPED PSD 

POLARITY COINCIDENCE CORRELATOR 
AND COMPLETELY CLIPPED PSD 

1.21 - 1022 

1.61 0 1.62 

MEASURENEXT NUMBER L63-11 

. STANDARD ACF AND PSD , 2010 2.13 
STANDARD ACF AND COSINE- 
CLIPPED PSD 2021 " 2e22 

HALF-POLARITY CORRELATOR AND 
STANDARD PSD 2.31 0 2032 

HALF P O U I T Y  CORRELATOR AND 
COSINE-CLIPPED PSD 2.41 - 2042 

POLARITY COINCIDEWE CORRELATOR 
AND STANDUD PSD 2.51 0 2.53 

STANDARD ACF AND COMPLETELY 
CLIPPED PSD . 2.61 0 2.62 

POLARITY COINCIDENCE CORRELATOR 
AND COMPLETELY CLIPPED PSD * 2.71 2.72 



SWiXURY OF MPERWiTAL RESULTS ; RECOMMENDATIONS 

\/e have observed that in a l l  -Instances where the clipping 

technique has been applied to the  i - 7  7 b l e m  of frequency determin- 

ation, the results have been (1) a garbling of the order of 

'predominance of data frequencies, and (21, a loss of all ln- 

formation concerning the amplitude of a given frequency, One 

exception to this rule is that, of the four records analyzed, 

the "most predominant" frequency was always listed as such, 

regardless of the ,severity of clipping. This suggests that 

the use of the completely clipped power spectral density func- 

tion I n  conjunction with the polarity coincidence ccwrelator 

may be entirely adequate in many applications where the deter- 
mination of this frequency is the only concorn, 

It is known that the half-polarity correlator is an un- 
biased estimator of the t rue correlator when the noise present 

in the signal is gaussian, and it has been suggested that it 

may be poss ib le  to discover a bias xfunction when the noise is 

nongaussian, This would be an extremely useful result, for, 

as shown in the experimental data tables, the coSine-clipped . 

power spectrum is a highly reliable device for determining 

data frequencies from the standard autocorrelation function, 

and the use of these two functions together would make possible 

. great savings in machine time, when efficient programming tech- 'c 

niques were employed. 

Finally, we note that the development of the power spec- 

trum as a series in the cosine-clipped power'spectrum can be 

.. 
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carried out by hand to any f inite  number of terms. Since tho 

L energy at high frequencies I s  known to be negligible in many 

situations, this raises the possibility of recovering the 

amplitude of the power spectrum at a given frequency from the 

amplitudes of the cosine-clipped spectrum. This, however, is 

at present only a theoretical possibility, and W i l l  require 

experimental verification. 
. .  

. .  

I 

' \  
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STANDARD AUTOCORREWLTION AND POWER S P E C 6  DENSITY FUNCTION, 

Number Predominant fiecluencies RMS Amplitudes 
I 
\ 

1 0.662 608 

00633 961 

0.615 877 
2 

I 

3 
4 

5 
6 

1030~160 706 

10150158 371 
1 

0,580 636 5000078 014 

7 3000046 810 0.579 561 

9 4800074 894 f 0.53.5 191 

10 720.112 343 00511 810 

8 990.1% 472 - 00530 216 

11 

12 
1.2 
*d  

14 

15 

16 

18 

19 . 

20 0.433 540 
c 

\ 

'Table 1.1. 



MEASUREMENT NUMBER E3.06-11 

c IIALF-POLARITY' CORREIATOR AND STANDARD POWER SPECTRAL DENSITY 
FUNCTION 

Number llPredominant" I Freauencles ' W nAmplitudesn 

14 

Table 1.2. 

, 
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MEASURENENT "l4BER E106-11 
c STANDARD AUTOCORRELATION FUNCTION AND COSINE-CLIPPED POWER 

SPECTRAL DENSITP FUNCTION 

7 .  3 O O . M  810 

10 720.112 343 I 

8 . '  .99001% 472 

0.683 412 

0.661 923 
0.661 845 
0.654 330 

S I  

0.631 623 

0.588 696 

0,580 915: 

0.577 996 

0.572 586 

Table 1.3' 

, 



MEAS-T NUMBER E106-11 

HALF POLARITY CORRELATOR AND COSINELCLIPPED POWER SPECTRAL 
DENSITY FUNCTION 

L 

Number - "Predominant" Fr eauencle 8 .  

a262 4-25 

0259 983 
0243 598 

t 

F 
I 

i 

Table 1.k , 

I .  

I 



24EASURMENT NUNBEXI E106-11 

POLARITY COINCIDENCE CORRELATOR AND STANDhD POZJER SPECTRAL 
DENSITY FUNCTION. 

- Number "Predominant " Freauencies RMS 'lAmplltudes'l 

2 

5 
13 
4 :  

9 

I 

0115 940 

0111 969 
0110 165 

,108 995 
0107 752 ' 

.IO7 026 

0102 982 

e093 326 

e092 384 

Table 1.5' . .  



4 MEASuRlEMENT NUMBEJI E106-11 

STANDARD AUTOCORRELATION FUNCTION AND COMPLETELY CLIPPED POWER 
SPECTRAIL DENSITY FUNCTION. 

Number - 
1: 

3 
2 

6 

Vredorninant" Freauencies RMS ltAmrM.tudesn 
. .  

500.078 014 

1580.246 521 

Table 1.6' 



MEASUREMENT NUMBER E106-11 -1 

POLARITY COINCIDENCE CORIELATOR AND COMPLETELY CLIPPED POWER 
' I  SPECTRAL DElVSITY FUNCTION 

Number 

17,  
9 
11 

4 '  

15 

5 
13 

18 

"Pr edominmt " F'r eauenc l e  s RMS nAmrM.tudes'l, 

Table 1.7' . e 
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MEASUHEMENT NUMBER .L63-11 
* STANDARD AUTOCORRELATOR AND POWER SPECTRAL 

Number Predominant Frequencies 

1 

2 

3 
4 

5 
6 

7 
8 

9 

10 

11 

12 

16 

17 

18 

19 

20 

$ 

2559.604 126 

529.918 

354.945 107 

384.940 468 

234,963 661 

Table 2.1 . 

I 

j 
DENSITY FUNCTION 

i RMS Amplitudes ' ; 
1 

i 

0.158 678 

0.125 367 
0.111 290 

0.110 900 

0.109 705 
0.108 419 
0.104 882 

o.io2 129 

0.098 289 

0,097 90)' 

0.093 245 
0,090 037 

0.088 ';G7 

0.087 202 

0.086 351 

0.086 136 

0.085 964 
0.084 922 

0,084 261 
0.082 690 



ii 
MEASUREMEJ?T NUMBER L63-11 i P 

i * STANDARD AUTOCORRELATOR AM) COSINECLIPPED POWER SPECTRAL 
DR?SITY FUmCTION 

' *  

Number ttPredominantll F'reauencieg RMS "Amplitudesn. 

1: 

2 

8 

' 31 
4 

10 

6 

5 

' 7  

' 9  
1 2  

17 
" 11 

18 

. .  

I 

Table 2.2' ' i 



ME1ASlJREMENT NUMBER L63-11 

0.083 656 

0.081 ' 604 

,19 

Table 2.3' 



MEASURPlENT "BER L63=11 

ELALF-POLARITY CORRELATOR AND COSINECLIPPED .POWER SPECTRUM 

Number nPredominan t Fr equenc l e  s RMS "Amplitudes" i 
- I  

1 

1 2559.604 126 * '  0.1% 819 

2 529,918 045 . 0.126 167 
10 $9.914 948 01.107 229 

00106 569 
1 

(81) 4390931 961 

3 3*.945 107 0.105 559 

? 

11 

12 

20 

0.105 202 

0.100 374 
0,697 038 
0,097 026 

Q.095 578 
0.0% 553. 
0,093 870 

o*oq1 151 

0,088 612 

0.087 771 

0.087 332 
00085 952 

1 

i -  
1 

, 
Table 2.4 b 



POLARITY COINCIDENCE CORRELATOR AND 
DENSIm FUNCTION 

STANDARD POWER SPECTRAL 

- Number "Predominant I' Freauencp RMS "Amplitudes" 

2559.604 126 0.123 687 i 1 

2 529.918 045 0,099 025 
I 9 . 299.953 609 0,095 213 

0.090 861 

0,090 778 

0.090 131 

0,088 252 

0,087 748 
0.086 571 

20 

Table 2.5' 



Table 2.6 

i 



i MUSUREMENT NUMBER L63-11 I 1 
i 

0 
Number "Predominant Frequencies FU4S "Amplitudes" 

i 8 ,  

1 . . 2559,604 126 1.513 067 

7 419.935 055 . 1.436 629 
2 529.918 ob5 1.434 615 

5 
4 

6 

Table 2.7 

i . .  
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